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DESCRIPTION CN104307044A

A naturally derived decellularized intervertebral disc material and its preparation method

—MRAL QIR 2R Z R AR R ERI&E S A

[0001]

Technical Field

ARG
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[0002]

This invention mainly relates to the biological field for tissue or organ repair and regeneration,
specifically a decellularized whole intervertebral disc material derived from natural tissue and

its preparation method.

FERAETESRATHLNGFZERENREBENEYTE, BEAR—MRAL[NIRR2HEIEEZHA
REM IR E R & 7575,
[0003]

Background Technology

BEREA

[0004]

Intervertebral disc degeneration often causes back pain and disc herniation.

HEIEREE B REE MR mRERER H,
According to statistics, about 84% of people in the United States have a history of lower back

pain, and the related costs amount to as much as $100 billion annually.
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‘g, ERENRMMWHAREIREESRERE, SZRXEEEFEREIX100012ETT.
Furthermore, intervertebral disc degeneration is considered an irreversible disease process

that worsens with age.

HEHEIEBRENHKIANZ— DRI H BRERNENHRE I
Currently, traditional conservative treatments and surgical resection-fusion cannot achieve

ideal radical cure results.

B RSB RT AT M FARYR-B S5 8e R 2 EBAARIIR AR

[0005]

The emergence of regenerative medicine and tissue engineering technologies has made it

possible to cure intervertebral disc degeneration.

BEEFMALTERANHIERAHEEZIRTR I TEE.
In recent years, many researchers have attempted to treat intervertebral disc degeneration
using techniques such as tissue engineering (metal-plastic composite intervertebral discs),

molecular biology (injection of growth factors or cytokine inhibitors), and stem cell therapy.
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However, due to the complex three-dimensional structure of the natural intervertebral disc
(nucleus pulposus and annulus fibrosus) and many components that are not yet clearly
defined, the results are always less than satisfactory. For example, the application of synthetic
materials is greatly limited by problems such as biomechanics, biocompatibility, material
properties, and long-term wear; while the short effective duration of growth factors and
cytokine inhibitors also leads to poor treatment results; similarly, stem cell technology is
currently unable to solve the series of disease processes caused by the destruction of
intervertebral disc structure. Therefore, finding materials or treatment techniques that truly
match the biological and mechanical properties of normal intervertebral discs to replace and

reverse degenerated discs is a pressing medical challenge.

EFER, TEMREZHCAEARTRE (EB-BHESHER) . 7FEYF (EHEKRAFIA

REEFIEI) MFARaTrSHRaTiERRZRE, BEHTRAKEE BexMa4ir) Bf

BRI = EEMMITS B Rl AR R AAMR A D EEMREBTIRUWAR. a0, ATEHM

FIETEYAZE. EVREENE. MEMERNTHEESFNEEREIZARERARS); mEKEFIH
FEEFHIHIFI BB MR EEE B EATr R E; FEETAREA BRI AR B Z LS
HArSEN—RIIERHIZ. RREIEERSERSEEZEEYFNHF RS R’

AN, NMERHTHBRTHERE — M BIFHEREF L,

[0006]
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The extracellular matrix (ECM) contains various biochemical factors required by normal tissue

or organ cells and has a natural macroscopic and ultramicro three-dimensional structure.

MpESPER (ECM) SBERARYBEAMRFAIFNIMELRF, FEEEGRARMMIEBRH =4
EAVAY YA

ECM can regulate a range of factors required for tissue or organ development and repair,
including biophysical stimulation, biochemical and molecular signals, thereby achieving
tissue or organ recovery and regeneration. Therefore, ECM, as a novel natural biomaterial, is
being widely used in the repair and regeneration of a range of tissues and organs, such as
heart valves, trachea, muscles, tendons, and cartilage. Currently, there are no reports on the
preparation of decellularized materials from naturally derived complete intervertebral discs

(nucleus pulposus and annulus fibrosus).

ECMEIETTEYYIERIE. EMUFERD FESEF-RIEBLRFZELABREEMFNIMER,
MMSEIMARHFERNMENBE. FEULECMEA—TIENRAEYMEIER ZHEA T O
MR, SE. A, . NEF-RVELRNB[ENEBERBE, MERBEEXTRAKIERNTT

BiteE RERMTHF) BRARMEHHSEIRE,

[0007]

Summary of the Invention
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ZBAAR

[0008]

The purpose of this invention is to address the shortcomings of existing technologies in terms
of material composition, structure, and biomechanics of human intervertebral discs, as well
as the defects of having only a single nucleus pulposus or fibrous scaffold. This invention
provides a method for preparing a whole-disc decellularized material suitable for
intervertebral disc cell growth, remodeling, and treatment of irreversible intervertebral disc

degeneration.

FEAENETIRMNIAERASR, AATEAMEREEMEEER. S8, EYMHFEHERIRE AKX
BRI AT IRRERMG, IRE—MAEEHERARER. EMIaTr ARZEEERZIRTR

et REARME NGIE 7T A

[0009]

A decellularized whole intervertebral disc material derived from natural tissue and its

preparation method, specifically including the following steps:
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—MRABRAFK R EHBIZRARMARERIESZ, BREEUTIR:

[0010]

(1) Take the intervertebral disc of the vertebrate, remove the bony fragments, rinse with
sterile PBS 3 times, each time for 20 minutes, to remove blood, residual muscle tissue and

ligaments, etc.

(1) EXEgmptiERE, HEedEs, TEPBSERIR, RER207, EMRMR. TR

BRI HEF;

[0011]

(2) In a 10% PBS buffer containing 10 KIU/ml protease inhibitor, shake at 45°C for 4 hours on a

shaker at 150 rpm; and rinse with PBS for 1 hour.

(2) TEREN10%HIE10KIU/ml ZERESNHIFIAIPBSE MR, 188 45 <sup> o </sup> CIEK

150rpmES7H4/ NS ; FHAPBSHELNET;

[0012]

(3) Add 10 KIU/ml and 10 g/ml mixed antibacterial solution to 4% Triton X-100 PBS buffer, with

a volume ratio of buffer to mixed antibacterial solution of 5:1 and a ratio of buffer to mixed
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antibacterial solution of 5:1. Shake at 150 rpm for 48 hours at a constant temperature of 45°C.
Rinse with PBS for 1 hour. The mixed antibacterial solution is composed of penicillin and

streptomycin, with a volume ratio of penicillin to streptomycin of 1:1.

(3) TERENA%EIETriton X-100M9PBSE&EAR, MIALOKIU/ml, 10g/mIBESMER, &KAHR
FUREMBERMARLLAS5: 1, FARFUESMERLLGIS: 1, 183845 <sup> o </sup> CHEFK
150rpmEFH48\ET; FHAPBSHELNET; FRREESMEREEERNESRAN, 55N

SEMAREANL: 1

[0013]

(4) Add 10 KIU/ml and 10 g/ml mixed antibacterial solution to 5% SDS-containing PBS buffer,
with a volume ratio of buffer to mixed antibacterial solution of 5:1, and shake at 150 rpm for
48 hours at a constant temperature of 45°C; then rinse with PBS for 1 hour; the mixed
antibacterial solution is composed of penicillin and streptomycin, with a volume ratio of

penicillin to streptomycin of 1:1;

(4) REF5%HIESDSHIPBSEHK, MAL0KIU/ml, 10g/mIBEEIMER, EHRIVESIE
WRIRFREL 5. 1, 1B3R45 <sup> o </sup> CIEFR150rpmESH48/\Bt; BAPBSHLL/NEY; FrkAEY

RENMERBEEEENEERAN, SERNMESHENERMLLNL: 1;
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[0014]

(5) Add 10 KIU/ml and 10 g/ml mixed antibacterial solution to 0.5 mg/ml PBS buffer containing
DNase. The volume ratio of the buffer to the mixed antibacterial solution is 5:1. Shake at 150
rpm for 12 hours at 37°C. Then rinse with PBS for 1 hour. The mixed antibacterial solution is

composed of penicillin and streptomycin. The volume ratio of penicillin to streptomycin is 1:1.

(5) KRE0. 5mg/mlBYE DNABSRIPBSEE A&, MALOKIU/mL, 10g/mIBLEEINER, &EH&RM
EEIMERAETRLE 5. 1, 37 <sup> o </sup> CEXR150rpmES712/\8Y, BREPBSHEL/NEY, B

REVESTMERBETERNEERAN, SERMNESZENERLLAL: L

[0015]

The main advantages of this invention are as follows:

RERPNEERRUT:

[0016]

(1) The whole intervertebral disc used in this invention is a naturally derived biological

material with good biocompatibility and wide availability;
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(1) =RAFFRANEHEIRERAFRIEYIME, BERFNEVRSIEMEMZE;

[0017]

(2) The whole intervertebral disc obtained by decellularization technology does not contain
cells or other antigens, which can minimize the immune rejection reaction of the recipient,
and at the same time does not contain harmful components such as bacteria and viruses, thus

having high biosafety.

(2) RARARZARENLHEREFNSHARFINENS, FIERENEREHFRMNFZ &R

B, RNAFSAERSFEENDTENRENS;

[0018]

(3) Decellularization technology can preserve the integrity of the original ECM while removing
xenogeneic cells. It has a good extracellular microenvironment, biochemical factors and
biomechanical properties, and can simulate the components and structure of normal

intervertebral discs to the greatest extent.

(3) MAPEIATEEGRMARNERN, AIRERCECMBITEYE, BEREFNMAMIMNGFE. £

UEFHNENNFERE, FTURAIRERRIIE R BRI MEN;
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[0019]

(4) The material of the present invention can not only be used to implant various stem cells
(embryonic stem cells, bone marrow mesenchymal stem cells (MSCs), adipose mesenchymal
stem cells, etc.) and intervertebral disc cells to achieve normal intervertebral disc
reconstruction and to customize a whole intervertebral disc that is individualized and
transplantable for patients, but it can also be ground into powder to dissolve the biochemical
factors contained in normal intervertebral discs for the treatment of degenerated

intervertebral discs.

(4) RRAMBARNAIUATHESMHTAR (TR, SiEznaT4a|r (MSCs) « Aghh
EZRTAREE) MEERARUKIIERHERER, NRAITEHEEMEL. AIHBZERNE#E

82, ELREMERINMER, KESHRBZFrSENENEFARERT B REREER,

[0020]

Attached Figure Description

Pt I35t e

[0021]
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Figure 1 is a gross external view of the entire intervertebral disc (annulus fibrosus and nucleus

pulposus) according to the present invention;

Bl AARAN SRR (CF4IFMBEZ) KEIMNIE,

[0022]

Figure 2 shows the HE staining of the annulus fibrosus scaffold, which is cell-free and free of

residual nuclear components.

B2 B 4 A ZRRIHER BT AR N TR L A 73 T B

[0023]

Figure 3 shows HE staining of the nucleus pulposus scaffold, revealing cell-free and cell-free

nuclear component residues.

IR

3R IR BRRIHER B AR K TR AL A 7 TR B

[0024]
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Figure 4 shows the fibrous ring scaffold retaining a large amount of glycosaminoglycan

components after Alcian blue staining.

B4R 4N IR/ RIS R B R E R EERRIERN DB

[0025]

Figure 5 shows the Alcian blue staining of the nucleus pulposus scaffold, which retains a large

amount of glycosaminoglycan components.

R

=] SERBIR SRR /RET IR R B R E K ERRREN T E;

[0026]

Figure 6 shows that the whole intervertebral disc DNA quantification test contained almost no

DNA components;

El622#EZDNATE 1N/ L F RSB DNAK S E;

[0027]
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Figure 7 shows the intact preservation of collagen fiber arrangement and three-dimensional

spatial structure as detected by scanning electron microscopy of the annulus fibrosus.

BRI MR R AT A H A RIS IB1 17 (S R (RSB

[0028]

Figure 8 shows the intact preservation of collagen fiber arrangement and three-dimensional

spatial structure in the nucleus pulposus as detected by scanning electron microscopy.

E|8 2 REZ A R R MR R 4 A == B LA LS TR R B

[0029]

Figure 9 shows the proliferation of MSCs under different scaffold extract concentrations as

detected by CCK-8.

B9 CCK-81NI R [E] 2 S22 1R AR E TMSCsHYIEEIB LA ;

[0030]
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Figure 10 shows the growth of Live/Dead cell-stained MSCs on a whole intervertebral disc

decellularized scaffold.

El10:2Live/DeadAifR A EEMSCsTE MBI R A ABAR S 58 LR EKIBRE.

[0031]

Detailed Implementation Plan

BiALER %=

[0032]

The present invention will now be described in detail with reference to the accompanying
drawings and embodiments, but the implementation of the present invention is not limited

thereto.

TEAGHE R SERGIN AL BR#ITIFRER, BA%BEREENIRT LT,

[0033]

1. Preparation of decellularized matrix of whole intervertebral disc
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1. #lEetEERARER

[0034]

(1) Material collection: Take the intervertebral discs from T5 to L3 of healthy rabbits that are 4
months old (male or female), remove the bony fragments, rinse thoroughly with sterile PBS to
remove blood and other impurities. The long axis of the intervertebral disc is about 1cm, the

short axis is 0.8cm, and the thickness is about 5mm.

(1) B4 B4R (BE#97]) RERKEMSFIE3RMEEE, MREIEES, TEPBSRDRR

EFRMERME I, HEEREKMLI1cm, 5E50.8cm, EEL5mm.

[0035]

The decellularization steps are as follows:

R ZRRR 2 BRAN T

[0036]

Step 1: In 100 ml of 10% PBS buffer containing 10 KIU/ml protease inhibitor, shake at 150 rpm

on a low temperature (4 <sup> o </sup> C) for 4 hours; then rinse with PBS for 1 hour;
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FE—7E100mEKRE 7710%Y & 10KIU/ml EBESHIHIFIBPBSE A, /& (4 <sup>o </sup>

C) #ER150rpmE7#4/NEY; FRPBSHTL/NET;

[0037]

Step 2: Add 100 ml of penicillin and streptomycin (10 KIU/ml, 10 g/ml) mixed antibacterial
solution to 500 ml of 4% Triton X-100 PBS buffer, and shake at 150 rpm on a low temperature

(4 <sup> o </sup> C) for 48 hours; then rinse with PBS for 1 hour;

T E500mERE H4%H9E Triton X-100A9PBSEE ik, MMAIOOMIBEEBEZMESE (10KIU
/ml, 10g/ml) EEMER, HEB (4 <sup>o</sup>C) EK150rpmEH48/\BY; FHEPBSH%L

/\BY

[0038]

Step 3: Add 100 ml of penicillin and streptomycin (10 KIU/ml, 10 g/ml) to 500 ml of 5% SDS-
containing PBS buffer and mix with a shaker at 150 rpm for 48 hours at low temperature (4

NER 7 °C); then rinse with PBS for 1 hour.
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SBE=1E500mERE JI5%RIE SDSHIPBSE R, MAL00MIFEREMESZE (10KIU/ml, 10g

/ml) BEEMER, |E (4<sup>o</sup>C) #ER150rpmE748/\BY; FHAPBSHTL/NET;

[0039]

Step 4: Add 20 ml of penicillin and streptomycin (10 KIU/ml, 10 g/ml) mixed antibacterial
solution to 100 ml of 0.5 mg/ml PBS buffer containing DNase. Shake at 150 rpm for 12 hours at
37°C. Then wash with PBS for 1 hour to obtain a whole intervertebral disc decellularized

scaffold, as shown in Figure 1.

FBI: F100mEKRE0. 5mg/mIEVE DNABSRIPBSE H&, MIAN20mIBTEEMTEEE (10KIU
/ml, 10g/ml) BEEIMER, 37 <sup>o </sup>CIERXR150rpmEZ12/ NG, FHAPBSHEL/NEY

BRI S HAAMMESELE, MEIFR;

[0040]

Histological evaluation of whole intervertebral disc decellularized scaffold

EHEE R ARSI ZRRA R AT

[0041]
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Figures 2 and 3 are 100x magnification images of the decellularized intervertebral disc
scaffold (annulus fibrosus and nucleus pulposus) of the present invention after HE staining,
showing no residual cells or nuclei; Figures 4 and 5 are 100x magnification images of the
decellularized intervertebral disc scaffold (annulus fibrosus and nucleus pulposus) of the
present invention after Alcian blue staining, showing the retention of a large amount of

glycosaminoglycans.

ERMERR R LAHEEERARIR (FEFMBEZ) HERBBAK100ETHAR KR THAIRIZM T
FABE; BEANESERRLKAEHEIEMMAETR (THEFMEEZ) M/RMERBRAI00EFRERE

FERZERAERY 0 Blo

[0042]

(4) Quantitative detection of antigen components in whole intervertebral disc decellularized

scaffold

(4) LB ERARSZRNTRERR D EE1T

[0043]
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Figure 6 shows that the DNA quantification of the whole intervertebral disc decellularized
scaffold (annulus fibrosus and nucleus pulposus) of the present invention contains almost no

DNA components.

El6=A R FAEHEIEM AT (FF4ERMBER) DNAEEWKN/LFAZHDNARKRSDE.

[0044]

(5) Observation of the ultrastructure of the whole intervertebral disc decellularized scaffold

(5) 2HEEERARZRIEHILIASHIIE

[0045]

Figures 7 and 8 are scanning electron microscopy images of the collagen fiber arrangement
and complete preservation of the three-dimensional spatial structure of the whole
intervertebral disc decellularized scaffold (annulus fibrosus and nucleus pulposus) of the

present invention.

ETHIEBR A LA HBIZIAM IR (FAMMNBEL) FHERFENRNRRTERANTEILALE

HTRIREBE.,
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[0046]

(6) Biocompatibility evaluation of whole intervertebral disc decellularized scaffold

(6) eHEElEIARIRAEYREEITMN

[0047]

Figure 9 shows the proliferation of MSCs under different scaffold extract concentrations
detected by the whole intervertebral disc decellularized scaffold CCK-8 of the present

invention.

B9 A& AL A R A M 2 ZRCCK-8MI A A 2 2R IR KK E TMSCshIIG AR E,
Figure 10 shows the growth of Live/Dead cell-stained MSCs on the whole intervertebral disc

decellularized scaffold of the present invention at 100x magnification.

El 1024 &ALt ZBH MRSz 28 Live/Dead AR BMSCsTE 2B Z A A 22 E100fFRYAEK

BB,
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